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%0 Introduction & Overview wB

= (Cold mass design, procurement, fabrication &
Contact tooling design & procurement
» Cold mass design based on LHC IR Q2

» Design items include yoke, end plate, shell, end dome, bus and contact
tooling for shell welding

= Magnet fabrication & test
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BIeY . WBS 2.1.1.1
%g Organization WBS 2114

WBS 2.1 2.1.3

Magnet Fabrication Project

& Test Management
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Cold M Crvostat MTF Test Fabrication HTS Leads Corrector Spool
o v Stand & Test Magnets | |Assembly

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
Cold Mass Design Procurement & Test — Fred Nobrega



BTCY
%0 Q1-Q5 Cold Masses %gg %%%}1

= COIR dCSigIl uses LHC CO0 IR Quadrupole Requirements
Quadl'upOIC dasS baSIS Nominal | Magnetic | Magnetic 'Mechanical
M t | Gradient = Length Center Slot Length
> Operate at 4.5K at C0 as opposed [ T @m @ miom®) @
to 1.9K in LHC Ql 169.2 2.41 14.263 3.520
) Q2 165.4 4.43 18.749 5.476
> 170T/m Operation at CO as Q3 169.2 2.41 24.661 3.520
Q4 170.0 2.01 65.115 2.974
compared to 214T/m Q5 170.0 1.37 86.911 2.441
> Lengths Shorter than LHC (4.5K Operating Temperature)

» Collared coil provides all
mechanical support—quench
performance understood

» Coil bore 70mm, beam tube OD
66.7 mm

» CO Ramp Rate higher than LHC—
155A/sec compared with 10A/sec
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LHC Quadrupole Collared Coil Cross Section
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%0 Q1-Q5 Cold Masses %gg

" Quench current vs ramp rate data at 4.5 K

MQXB12 and MQXBI10
Ramp rate studies
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%0 Q1-Q5 Cold Masses %gg %%%}1

* (Quench limits are understood and 45 K Quench Data
experimentally proven through
LHC program )
. . %10000—7 . s 3 838 ° 8
* Harmonics agree well with N ERE R
expectation, modestly better than | w| » Frea
B0/D0 LBQs o

= Transfer function agreement with

. Quench Performance at 4.5K—170T/m = 9560A
calculation good

Harmonic
18.4 Coefficient Mean RMS
b, 0.31 0.47
18.3 e HoQO15S Average and standard a3 -(;).0527 8.22
. o cabulation deviations of the :: 03 30
g : ‘ measured body be 003 o3
£ 151 harmonics at 11.9kA for as 2038 018
= the first 6 production b -0.02 0.45
o 18.0 LHC quadrupoles a -0.04 0.1
b, -0.01 0.03
17.9 - a; 0.01 0.03
o by 0.00 0.02
17.8 : : : : : ag 0.01 0.03
0 2500 5000 7500 10000 12500 15000 by 0.03 0.01
Current, A a9 -0.02 0.03
by 0.00 0.02
Measured and Calculated Transfer Function Comparison a5 20.03 0.02

DOE CD-1 Review of the BTeV Project — April 27-29, 2004
Cold Mass Design Procurement & Test — Fred Nobrega



BTy
%0 Q1-Q5 Cold Masses wB

= Design changes from LHC IRQ:
» Quadrant splice assembly
» Yoke diameter and features
» End plate & end domes
» Bus & expansion loop
» Shell thickness, 6.35 mm
» Beam tube, 1.65 mm wall

o ——

2 N I
: : 400.0 mm
./ \‘ I LHC Yoke O.D.

311.15 mm
« BTeV Yoke O.D.

Quadrant Splice Assembly Layout
,
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%g Q1-Q5 Cold Masses

= (Optimizations / Areas for
Further Study

» Bus & expansion loop

» Thermal analysis
» Reduction in yoke OD, and
cryostat OD to fit in Tevatron

» Complete electromagnetic
calculations w/ final yoke

* Modification of Quadrant Splice
Design

» Change in expansion loop design

» Finalizing magnetic / mechanical
lengths

» Finalizing cryostat interfaces
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%g Q1-Q5 Cold Masses gvvgg %%%}1

Yoke Axial

Restraint
System

End Plate

: Beam Tube

Collar

Quadrant
Collet Slice

Assembly

BTeV Quadrupole Cold Mass, Lead End
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%0 Cost Drivers %gg

= Cable $716,700 )
= Test (He) $100,000

» End parts $98,350 Note:
= (Collar Steel $94,480 > = G&A not included

= Yoke (iron + die) $54,300 " Ref. BOE
= End part raw material (tubes) $20,900
= (Collet raw material (tubes) $19,500 y

Base cost (WBS 2.1.1.1 & 2.1.1.4): $6.3M
(Material: $2.1M, Labor: $4.2M)
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Co

Cold Mass Schedule

WBS 2.
WBS 2.

i
ek

| gL
Activity ID Activity Description Original Duration | Early Start | Farly Finish Fvo4 Fyos Fv OB o7 Fv03 F04 Fi10
Mewy magnet fabricationand test 1347d 02Feb04 01Junog 1
11 LHC 4ype Guadripoles 1260d 0ZFeh04 28Jann3 11

1.1 COLD MASS Gatd 02Fehl4 23Aug05 11 I |
10041 ColdMass Component Design 4a80d 02Feh04 230ec0s '1 1 I — 0,
1412 ColdMass Tooling Design 3a0d 01 Octod 038pr06 1.1.1.2 I = |
1103 ColdMass Component Procurement 390 040ctod 188006 1.1.1.2 I = 1
1114 ColdMass Tooling Procure mert 280d 2105 23Aun08 11.1.4 - ]

112 Q1 through @5 CRYOSTAT S60d 01Mar04 12May05 1.2 I
1.4.241 Design & Detailing 3a0d 01Mar04 308ug0s :.2.1 _
1122 Cryostat Procuremert 320d 14Feb0s 12May06 112

113 MTF TEST STAND 77 02Fehid 15Feh0? 1.2 I ]

114 21 through @5 PRODUCTION £30d 1My 06 28Jan03 1.1.4
1.1.41 1744 211d 15May06 15Mar07 1.1.41
1142 1742 1914d 12JuI06 128pr07 1142 N
1143 1743 171d 075ep0f 10May07 1143 N
1144 9741 1514d 02Mov06 08Jun? 1144 N
1145 g7-2 120d 03dan07 2duni? 1145 N
11456 973 120d 01Mar07? 178ug07? 1.1.45 N
1147 97-4 120d 2640107 150ct07 1147 R
11458 975 120d 220un07 12Dec0? 1.1.45 1R
1143 976 1204 208ug07 13Feh0s 1149 1R
1.1.410 751 120d 16Cctl? 094pr08 11410 R
1141 75-2 120d 130ecO? 05Jun0s 11411 R
11412 75-3 120d 14Febig 01.2ug03 11412 R
11413 541 120d 1040108 295ep03 11412 N
11414 54-2 120d 06Junds 26Mov0E 11414 N
11415 54-3 120d 044ug08 28Jan0g9 11415 N
11416 P rocudtion Oversightin ICB 6500 “15May0s 28Jan09 1.1 4.6
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Cold Mass Cost

BTEY MANDSEXEMPT
Material and Services - Exernpt
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Technical Services Division
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BTtY
—Co Cold Mass FTE MNEEERR

14.0 —

13.0

120 —

10.0 —

w0
o
l

FTEs [Hours X 1768.0 ]
~1
—_
|

BTEY FNALTS SRTECH
Senior Technician 50 -

BTEW FNALTS DSGRDR

DesignerDrafter a0
BTEW FNALTS ENGPHY
Engineering Physicist
BTEW FNALTS PHY
Physicist

BTEW FNALTS ME
Mechanical Enginger

BTEWFMALTS.TECH
Technician

3.0 —

20 —

1.0 —

0.o

Eary Fvo3 F04 F05 F06 F07 Fv0g Fyv09 F10

ETEY FNAL. TS TECH : Technician
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BTeY

Co Cold Mass Design Procure’t Schedule

WBS 2.1.1
WBS 2.1.1

1
<

Activity ID Activity D escription Original Duration Early Start Early Finish Fv 04 F 05 F* 06 F¥oy Fyog F09
New magnetfabrication and test 1347d 02F eh04 01Jun09 1
1.1 LHC -type Quadmupoles 12604 02F eh04 258Jan09 11
111 COLD MASS E51d 02F eh0d X3Augl6 1.1 |
1.1.11 Cold Mass CompanentDesign 4504 02Feh0d 23Decds 11 I 1
11411 Cuadrant Splice Design & mock-up 40d 2dMay04 20Julod q 11.1'! =
1.1.1.1.2. If.lus Design & r1.10ld(-up 30d ?1Julll-4. 31lA.ugI]4. 11 1.1I.2!
11113 Expamsionloop Design & modk-up “E0d 015ep0d 130ctd 11 1.1|.3'!
11114 Magnetic Analyss -20d 140ct0d 10HovD4 11 1.1'.,_5
11115 The imal Analysis 20d 140ct04 10Hou04 1111 5F .
1.1..1.1.5 Yok e S 4Dd 11Huul]£.l 13Ja|-'-|l-]5. 11 1.1'.5! ]
11417 Aicia|R estraint Design -40d 14Janb5 11Mard5 11 1_1'_?! mr |
1.1.1.1.8. ?kin .4Dd TfllMarllS l]liMayl]S 9 1.1.1|.8! —
1.'Il.1.?.9l Enld-plate ..ED? l]9May‘l15. ll.2Aug.I]5 11 1.1I.9l'!' ]
1.1.1.1.10 End-dome E0d 03Augl5 260ct05 1.1.1.1.1IU’! |
11111 Beam-tube 40d 270ct0s 23Dechs 111 .1.1I1".' a}
1.1.1.1.12 Cench HeaterDesign(LHC baseline) 1004 02Feb04 21Jund4 12 HF ]
1142 Cold Mass Tooling Design 3804 01 0ci0d 034p06 1.1.1.2 a
114121 "Winding Statio nMod ifications 1004 '010ct0d '28Febbs 111 2_1,_!:
11422 A Mandrel and Assocative Tooling 1004 01Mard5 20Julos 111 _ikﬁ
11123 Coil/ Mandrel Lifting Ficure (2) " B0d 24Julds 130ctds5 114 2‘_3,_! ]
11124 Yok e hand ling fedure 404 140ct05 12Dec05 11 '1 2'4! ]
111235 Shellw eld contacttooling 50d 13Dec5 03AproG 1.I1.1 .EI.?! —
1113 Cold Mass Component P rocure ment 3904 04004 18ApIDE 1113 “ ]
111341 "Sup ercond uctorfor Base Quadrupole Magnets 2004 '040ct04 '#1Julls 11131 * - i . ]
11432 Superconductorfor B ase Magnets (EXEMPT) 2004 040¢ct0d 21Julos 11133 * i n.
1113534 Steelfor Collar Laminations 1204 22Julds 10.Jan06 | 1_1_13'_4 - 1
11136 Allather Components for haff of total magnets -250d 040ctod 305epls 1 1_1_3'5 ; ]
11138 Allothe r Comp onents for remaining ha i 1404 030ct05 18Apro6 1_1_i_3'_m ]
14.1.4 Cold Mass Taoling Pracurement’ 2504 21Juns “I3Aug06 1114 * - |
11,141 "Cold Mass Tooling Companents ‘204 "M Julos '23Aug06 4 1_1_4'_1“ = ]
11142 Cold Mass Tooling Procurem ent oversight 1004 04Apro6 23Auglb ' 7
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BTy o
%0 Cold Mass Fabrication & Test Schedule

WBS 2.1.1.1
WBS 2.1.1.4

Activity 1D Activity D escription Original Duration | Early Start Earty Finish Fvo4 Fv0a F o6 Fyov Fvoa Fvog
1133 Istallation B0d 28Jun06 190ct06 114, 3}%
1134 Commesion “B0d _200ct05 15Febi? |1 11 vl——1
114 01 thraugh G5 PRODUC TION BE0d 15May05 26Jan09 114
1.1.4.1 174-1 211d 15 May0E 15Mard? ' *
11411 Coik 40 15May06  11Juldb 111:1:’
1.1.4.1.2_ Coik Assembly _ 20 12Julllﬁ- llﬂ.ﬂl-ugllli 1_1_4'_1'_4_:- : ]
11443 Final Asse mhlyi yostat 404 24huglé  190cto6 1_{4_'1',3-.‘4':1
11414 Test 204 _16Febi? 15Mari? | |1-1-4-1I-‘ﬂ:¥5
1142 1742 1914 12JuNi 124pM07 1142 RSN
1.1..4:2..1 Coik N 4051 12.|u|.ns. 065ep0G 11471 -
11422 Coik Assembly 20d 075ep0 040ct06 1. 1'.4.2'.23—1—&.
11423 Final Asse mblyiC reostat 404 050ct6 MMDec06 1 _'1 ] 42‘-3'1:“"
1.1.4.2.4 Test 20 16Mar07 12Apro7 R Y C—]
1.1.44 971 1514 02NoviE 08Jund? 1144 I
1.1.4.4.1 “Coik 40 *02Hov0G “02Jan07 11.441 W
11442 .E.‘uibﬁrssemllmlhlr. .2051 l]3.la|.1l]? Zf“al.'.ll.l? 1_1_4_4'_'J
114453 Final Asse mbly/C rrostat -40d 01Feb07 28Mar0y 11 443.!:‘”[
11444 Test 204 1MMay07 08 Juno? 114 4 aff——
1.1.45 972 1204 03Jand? 21Jund? 1145 N
1.1.45.1 Coik -4 03Jan07 28Feb07 11 4.5'_1!
11452 Coik Assembhy -20d 01Mar0? 28Mar07 1_1_4_5'_gj:ml,
114553 Fina| Asse mbly/C ryostat 404 29Mar0? 23May0? 1145 T
11454 Test 20 ‘2aMay07 21Jun07 11 45—
1147 97-4 1204 26 8p07 150007 1147 IR
1148 a7.5 1204 22Jun0? 120807 11.4 2 HEE
1.1.4.10 751 1204 16007 09ApI0E 11410
1.1.4.11 75.2 1204 13Dec? 05Jun0é 11.4.11
1.1.4.13 541 1204 104pME 295ep0a 11,417
1.1.4.14 542 1204 0BJunds 26Nov0s 11414 N
11418 ' Production Oversight in ICB '630d '15May06 ‘28Jan09 1.1.4. 1~
12 “Hew Spook 13474 "D2Fekld ‘01Jun0g

-
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BTtV
%0 Key Milestones %gg

» Superconductor procurement — October 2004

* Complete cold mass design — December 2005
= Start cold mass production — May 2006
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BTV
G Critical Path Analysis wha 51

» Strand & Cable procurement

» Long lead time item

» History of unstable cable
* End parts

» Long lead time item
» Raw material has fabrication lead time, not off-the-shelf
» Large number of parts with high part counts

Spacer, End Part
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BTV : : WBS 2.1.1.1
—~Co Risk Analysis WBS 2.1.1.4

= Risks = Mitigation
= Ramp rate dependence = Adjust Tevatron ramp rate
= (Cable procurement higher than = Buy more cable

LHC
= Expansion loops =  Build a mockup
= New shell welding contact =  Weld testing on mockup

tooling
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BTy WBS 2.1.1.1
—~Co Summary WBS 2.1.1.4
= (Cold mass 1s well understood (technical & cost)

» 9 LHC model magnets & 15 LHC production magnets built
» Collared coil assembly unchanged except for length

= Design changes are low risk
» Shell welding
» Bus bar & expansion loop
> Yoke
» End plate & end dome

= Experienced staff
» Engineering

> Procurement

» Fabrication
> Test

s

¥

LHC Collared Coil Assémbiy
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